The interrelationships of arterial pressure, plasma volume (PV), and plasma renin activity were studied in 152 consecutive male patients with uncomplicated essential hypertension. Of these, 22 (17 white and 5 black) subjects had normal plasma volumes and because of tbe small number were not included in the analysis of results. Tbe remaining 130 (35 black and 95 white) patients were classified as having either expanded or contracted plasma volume. A higher percentage of black (43%) than white (21%) subjects were volume expanded (PV > 19 ml/cm) and a lower percentage of blacks (57%) than whites (79%) were volume contracted (PV < 17 ml/cm). There was no significant difference in mean arterial pressure and plasma renin activity between tbe volume expanded and contracted black patients. In contrast, the white patients with contracted plasma volume had significantly higher arterial pressures (p < 0.05) and plasma renin activity (p < 0.001) than those with expanded plasma volume. More blacks than whites had low plasma reoin activity and did not manifest the inverse relationship of plasma renin activity to plasma volume as did the whites. These data conflnn and extend previous observations that the relationship between plasma volume and plasma renin activity (PRA) in the male patient with essential hypertension seems to differ between the black and white race. Efforts to explain tbe low PRA in black patients might be best directed toward those patients with suppressed PRA and with contracted intravascular volume. (Hypertension 1: 136-141, 1979) KEY WORDS • racial differences • essential hypertension • plasma volume plasma renin activity T HE incidence of essential hypertension is higher in the black than the white race, 1 and more blacks than whites have low renin hypertension. 85 The cause(s) for these racial differences are not clearly understood. Explanations offered for these differences include: the high-salt intake by blacks," 17 the higher incidence of plasma volume expansion in black subjects" and the attenuated response of renin release to various stimuli in blacks."' '•" Besides race, other investigators have
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higher in the black than the white race, 1 and more blacks than whites have low renin hypertension. 85 The cause(s) for these racial differences are not clearly understood. Explanations offered for these differences include: the high-salt intake by blacks,"
17 the higher incidence of plasma volume expansion in black subjects" and the attenuated response of renin release to various stimuli in blacks."' '•" Besides race, other investigators have found sex differences in renin release to various stimuli, with women showing resistance to renin release in contrast to men, who do not show such resistance. 10 n However, there are not enough data available dealing with the interrelationships between blood pressure, plasma volume and plasma renin activity in black and white patients with essential hypertension studied under similar experimental conditions. Therefore, this study was undertaken to investigate the above interrelationships in black and white male subjects with uncomplicated essential hypertension under the same experimental design.
Materials and Methods
The present investigation included 152 male black and white patients with stable uncomplicated essential hypertension. All patients having any evidence even suggesting secondary hypertension were excluded, and only black patients from the continental United States were included. The protocol was explained to all patients and each gave his informed consent as re-
quired by our institutional experimentation committee. All patients studied were either new untreated patients or former patients who had discontinued their treatment on their own for over a month. The investigational protocol consisted of a 3-day observation period on a daily 150 mEq sodium, 100 mEq potassium diet. During this period the arterial pressure and heart rate were determined every 4 hours in the supine (5 min) and standing (2 min) positions by nurses assigned exclusively to the metabolic unit. To obviate subjective error, a precalibrated Doppler recording unit* was used for determination of indirect arterial pressure. Blood pressure was recorded as the mean of two determinations. Each patient had a complete history and physical examination and laboratory investigation. The latter included determination of complete blood count with differential, blood urea nitrogen, and serum creatinine, electrolytes, liver enzymes, cholesterol, uric acid, triglyccrides, and fasting blood glucose. A 4-hour glucose tolerance test was also performed. Every patient had an electrocardiogram, hypertensive urogram, and chest x-ray.
Between 6:00 a.m., Day 3 to 6:00 a.m., Day 4, a 24-hour urine was collected for urinalysis and determination of creatinine clearance, and excretion of sodium, potassium and protein. Upon completion of this 24-hour urine collection, while the patient was still supine, blood was withdrawn for determination of plasma renin activity (supine PRA).
U Then the patient was asked to be up and about for 2 hours and at 8:00 a.m. another blood sample was drawn for plasma renin activity (upright PRA). Subsequently, the patient was sent to the Nuclear Medicine Department for determination of his blood volume by using m I RISA for plasma volume and "Cr for red cell mass. 18 Blood samples were withdrawn at 10, 20 and 30 minutes after injection to construct a regression line to zero time for determination of that particular volume measurement. The variability of our method is ± 5%. The plasma volume was expressed as ml/cm of height.
14 Normal values for men in our laboratory are 18 ± 1 SEM ml/cm height. For the purposes of this study any plasma volume above 19 ml/cm was arbitrarily considered expanded and any below 17 ml/cm was arbitrarily considered contracted.
The data were analyzed by comparing the plasma volume, renin activity and blood pressure between black and white patients and also within each race between volume expanded and contracted subjects using the unpaired t test analysis. Regression analysis was performed comparing mean arterial pressure to plasrba volume and upright PRA, and plasma volume to upright PRA. The upright PRA was chosen because the laboratory methods used to measure PRA limit the discrimination of low, normal and high renin subgroups, unless the stimulus of upright posture is used to enhance PRA, and also for better correlation with the ambulatory measurement of plasma volume. 
Results
Of the 152 patients studied, 22 (17 white and 5 black) had normal plasma volume and because of the small number, were not included in the analysis of results. Of the remaining 130, 20 white (21%) and 15 black (43%) patients had expanded plasma volume and 75 white (79%) and 20 black (57%) patients had contracted plasma volume (table 1) . Of the volume expanded groups, the black patients had higher systolic and diastolic arterial pressures and lower sodium excretion than the white (p < 0.05). There was no difference between these two groups of patients, however, with respect to age, serum creatinine, creatinine clearance, plasma volume and PRA (table  1) . Of the volume contracted groups, there was no significant difference between black and white with respect to arterial pressure, sodium excretion, age, serum creatinine, creatinine clearance, or plasma volume with the exception of plasma renin activity, which was significantly higher in the white patients (p < 0.005; table 1). When the subjects were compared within each race, it was found that there was not any significant difference in either arterial pressure or PRA between the volume expanded and contracted black patients. Moreover, the white patients with contracted plasma volume had significantly higher arterial pressures and PRA than whites with expanded plasma volume ( fig. 1) . And, when the relationship of arterial pressure to plasma volume in the four groups of patients was analyzed, it was found that there was no correlation between pressure and volume in the volume expanded black and white subjects, in contrast to volume contracted black and white patients, who showed a significant inverse relationship between pressure and volume (r = -0.49, p < 0.01 for black; fig. 3 ). However, the correlation was weak and is probably due to the larger number of volume contracted whites. The comparison between plasma volume and PRA for the four groups of patients showed no correlation in the volume expanded black and white and volume contracted black patients. In contrast, the volume contracted white patients demonstrated a significant inverse relationship between plasma volume and PRA (r = -0.32, p < 0.005; fig. 4 ). This figure also depicts the normovolumic black and white patients to show the spectrum of changes of plasma volume from expanded, normal, contracted, and its relationship to PRA. Discussion Plasma volume usually falls as arterial pressure increases in male patients with uncomplicated essential hypertension,"-7> 1S~17 and PRA increases as plasma volume contracts. 10 u This inverse relationship between plasma volume and PRA is not shared by women with essential hypertension. 10 -" The present investigation confirms those previous observations concerning the interrelationships between mean arterial pressure, plasma volume and PRA in male subjects with uncomplicated essential hypertension and extends them further by demonstrating racial differences in the above interrelationships. In this study, black patients with contracted plasma volumes had similar arterial pressures and PRAs to those with expanded plasma volume. In contrast, the white patients with contracted plasma volumes had significantly higher arterial pressures and PRAs than the volume expanded whites ( fig. 1) . Also, black patients with contracted plasma volumes did not exhibit an inverse relationship between plasma volume and PRA as did their white counterparts ( fig. 4) . Plasma renin activity remained low in the majority of black patients in our study. Similar observations have been reported by other investigators. 27 The reasons for this high incidence of low-renin hypertension in the black are not exactly known. One factor accounting for the high incidence of low-renin hypertension in the black is our observation that more blacks than whites with uncomplicated essential hypertension have expanded plasma volumes. Besides the expanded plasma volume being responsible for low-renin hypertension in blacks, other studies have shown that a relatively high percentage of black subjects with uncomplicated essential hypertension manifest an impaired response of renin secretion to various stimuli." Similar impaired response to renin release has also been reported for black normotensive subjects.' Possible reasons accounting for these differences could include 1) the suppression of the sympathetic nervous system in such patients, since this system plays an important role in renin release by the kidney; 18 "* 1 2) the presence of an increased central blood volume;" or 3) a continuous secretion of mineralocorticoids other than aldosterone, leading to volume expansion and suppression of renin release.
23
"" Although a significant number of black hypertensive patients with expanded plasma volume had low PRA, it also is notable that several blacks with markedly contracted plasma volumes also had low PRA. It is evident, therefore, that low PRA and an expanded plasma volume should not necessarily be considered as a cause-effect relationship. The inverse relationship that we found in our white male patients with essential hypertension between plasma volume and plasma renin activity has been reported previously 10 ' " and is consistent with the physiologic principles governing renin release by the kidney. 1780 Since PRA was similar in the black and white patients with expanded volume, the role of volume in these patients must be operative. However, the failure to demonstrate a rising PRA in the volume contracted black patients with essential hypertension suggests that other factors suppressing PRA in these patients could be present. Thus, the simultaneous determination of the two physiological variables (plasma volume and plasma renin activity) should be very helpful in studies attempting to explain the mechanism of suppressed PRA in black patients with essential hypertension. Further efforts to explain this suppressed PRA in blacks might best be directed to those with a contracted plasma volume. 
